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Abstract 
The paper presents description of the ECMM and EDMM and the conception of combination these processes into 
single sequential process. The proposed method gives possibility to minimize disadvantages and emphasizes 
advantages of the electrochemical and electrodischarge micromachining processes. The second part overviews 
EC/EDMM process mathematical modeling. Upon these models the simulation software has been developed. The 
software enables simulation of EC/EDMM sequence for milling operation. 
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1. Introduction 
The microparts manufacturing often requires 
application of the methods where the material is 
removed as a result of various phenomena. The selection 
of the proper method depends on properties of 
manufactured part (shape, material, amount of items 
etc.). In some cases, especially when the microforming 
tools or short prototype series are required, the special 
attention is paid for electrodischarge (EDMM) and 
electrochemical micromachining (ECMM). 
The paper presents an example of ECMM and 
EDMM application in micromachining process chain. 
Combination of EC/EDMM process gives possibility to 
minimize disadvantages and enhance advantages of 
electrochemical and electrodischarge micromachining. 
Characteristics of both methods indicate several essential 
complementary advantages. It is also worth to underline 
many similarities in analyzed processes (such as 
machining kinematics, tool shape and material, 
limitations of workpiece material etc.) what gives 
possibility to apply sort of identical technical solutions 
in machine- tool design for ECMM and EDMM process. 
The reasons of ECMM->EDMM (or EDMM->ECMM) 
sequence application is to increase material removal rate 
and improve the workpiece surface quality. 
In order to realize the ECMM->EDMM (or EDMM-
>ECMM) sequence the proper technological solutions 
such as special machine tool design and the simulation 
and CAM software have to be developed. The special 
prototype machine was designed and built in Cracow 
University of Technology [15, 17]. The article describes 
the results of the software application for analyze of the  
sequence material processing. 
2. Conception of EC/EDMM sequential process for 
micro tools manufacturing 
2.1. Electrodischarge micromachining (EDMM) process 
characteristics 
In electrodischarge machining material is removed 
due to phenomena connected with electrical discharges 
in dielectric media between workpiece and electrode tool 
(material evaporation, melting and disruption). 
Dielectric fluid flow helps also to remove erosion 
products from the gap. This way of material removal 
causes that machinability is not connected with 
mechanical properties of the machined material, what 
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makes EDM an efficient method for shaping difficult-to-
cut electrical current conducting materials (hardened 
steel, carbides, composite materials, ceramics). In EDM 
amount of removed material depends on single electrical 
pulse energy. Therefore, in electrodischarge micro-
machining (EDMM) single pulse energy is relatively 
small (10-6 – 10-7 J) [1, 13, 14], what gives possibility of 
shaping microparts with high accuracy and good surface 
quality. Unfortunately, good for accuracy and quality 
electrical parameters, are not optimal for electrode-tool 
wear, which in case of EDMM can reach more than 
50%. Nowadays, depending on electrode-tool shape and 
applied machining kinematics, various EDMM methods 
have been developed like wire cutting, sinking, drilling 
and machining with universal (cylindrical) electrode tool 
(micro electrodischarge milling, 3D-EDMM). The main 
problem of EDMM application for micro – tools (micro-
molds, cavities) manufacturing is connected with high 
electrode-tool wear, what limits sinking application to 
machining only simple cavities. Therefore, in aspect of 
3D sculptured surfaces the recommended solution of 
machining is to apply 3D-EDMM. In this method 
electrode wear can be easily compensated by application 
some rules connected with tool-path design [2, 12, 18], 
but it gives significant increase of the machined layers 
amount during the process. It is a main reason of poor 
3D-EDMM productivity. Machining of simple cavities 
can take several hours [2, 12, 18], what even in case of 
machine tools and prototypes is difficult to accept. 
2.2. Electrochemical micromachining (ECMM) process 
characteristics 
In electrochemical machining allowance is removed 
by electrochemical dissolution with application of 
voltage pulses. One can state following advantages of 
this process [3, 4, 5]: 
• no electrode-tool wear, 
• high productivity (10 to 100 times higher than in 
EDMM), 
• good surface quality (machining allowance is 
removed by electrochemical dissolution process 
(atom by atom) in temperature lower than 100oC, 
which does not introduce any significant changes in 
surface layer of machined material),  
• machining productivity does not depend on material 
mechanical properties. 
Above presented features makes electrochemical 
micro-machining (ECMM) an important method in 
machining of 3D sculptured surfaces. Allowance in 
ECMM can be machined in electrochemical sinking and 
machining with universal (cylindrical) electrode-tool 
(3D-ECMM). In this case the shape of machined surface 
is the reproduction of electrode path in 3D space. 
In electrochemical sinking process the most important 
problem is to manufacture small sophistically shaped 
electrode – tool. Thus the electrode manufacturing cost 
is high and very sensitive shortcut sensors are necessary 
to prevent tool from damage. Another problem is proper 
supplying of electrolyte into the gap. 
In 3D-ECMM material is removed by three 
dimensional electrode movement. The advantage of this 
method is simple electrode shape (i.e. flat or spherical 
tip), what significantly decrease cost of the tool 
manufacturing. The main problem in 3D-ECMM is to 
prepare condition of electrochemical dissolution 
localization, because during machining the area of 
dissolution is wider than area of electrode tool 
(machining delocalization). This is the reason of 
machining inaccuracy, surface roughness increase and 
pitting occurrence. 
 
 
Fig. 1. Scheme of the hybrid technology with application of 
EC/EDMM sequence, a) scheme of ElectroChemical MicroMachining 
(ECMM) with application of universal electrode, b) scheme of 
ElectroDischarge MicroMachining (EDMM) with application of 
universal electrode. 
The biggest development towards improvement of 
electrochemical machining accuracy is connected with 
application of ultra short voltage pulses (ti < 100 ns) [7], 
what significantly improves process localization. In this 
case material removal principle is based on transient 
phenomena connected with recharging of the double 
layer, and this method is sufficient for very small 
working surfaces, small gaps (< 10 µm), and small 
dissolution volumes. In case of machining of the larger 
surfaces (area in range of 1 mm2) application of ultra 
short pulses is not effective because of productivity 
limits [16]. 
2.3. Assumption for sequential hybrid EC/EDMM 
processes 
Characteristics of both methods indicate number of 
essential complementary advantages. It is also worth to 
underline a lot of similarities of both process (such as 
machining kinematics, tool shape and material, 
limitations of workpiece material etc.) which gives 
possibility to apply sort of identical technical solution in 
machine design for ECMM and EDMM process. 
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Because of above mentioned information the idea of 
combination of ECMM and EDMM process into 
sequential hybrid machining method (Figure 1) which 
will be carried on single machine tool looks as a way to 
achieve an effective micromanufacturing method. 
Proposed EC/EDMM process gives possibility to 
minimize disadvantages and enhance the advantages of 
electrochemical and electrodischarge micromachining. 
The EC/EDMM process can be carried on in the 
following sequences: 
• ECMM  EDMM: about 80% of allowance is 
machined by electrochemical dissolution with 
accuracy about 20 µm. Remaining 20% of 
allowance thickness is removed with application of 
electrodischarge machining. It gives possibility to 
achieve final part with accuracy 1 to 5 μm and 
relative high material rate;  
• EDMMECMM (or ECMMEDMMECMM): 
sequence is applied in case when minimal changes 
of surface layer quality is required (elimination of 
white layer after electrodischarge machining).  
Presented conception enables essential reduction of both 
methods disadvantages what results in improvement of 
technological factors (especially decrease of machining 
time). 
3. Mathematical modeling  
Mathematical modeling of 3D-EC and 3D-ED 
micromachining sequential technology is reduced to the 
sequence of mathematical models of mentioned 
component processes where the result of the first 
modeling is an initial condition for the second one. For 
example, when the sequence starts with 3D-ECMM, 
than final state of this process is the initial one for 3D-
EDMM simulation. This applies particularly to 
workpiece geometry. 
3.1. ECMM model 
The course of electrochemical shaping is defined by 
distribution of the dissolution velocity Vn. Based on the 
Faraday law Vn in the normal directions of the given 
point A of the anode is described by following formula: 
 
Vn=ηkv(jA)jA     (1) 
 
where jA - current density, ηkv – electrochemical 
machinability. Then, the machined surface translation 
vector can be calculated with relation 
tiktVa AvAnAn Δ=Δ=Δ η     (2) 
where: Δt – simulation time step. Depending of the 
applied 3D-ECMM technology solution, the Vn can be 
modeled with application of the thermal models (pulse 
time is range 0,5 – 100 microsecond) [11] or ultra short 
pulse model (< 500 ns) [8]. 
3.2. EDMM model 
The 3D-EDMM process, depending of the electrode 
tool working surface, can be realized in two ways: 
• shaping by the electrode tool tip, during machining 
the electrode tool become shortened (commonly 
referred as electrodischarge milling), 
• shaping by the electrode tool lateral surface, during 
machining the electrode diameter is reduced (so-
called rotary EDMM).  
During the machining the electrode tool wear occurs. It 
is described by the following definition: 
υ = TWR/MRR    (3) 
It can be the start point for machining simulation (where 
TWR – tool wear rate, MRR – material removal rate). 
Above described two models has been comprehensively 
described in [9, 10]. It is worth to underline that this 
models are geometrically identical, so the input 
parameters for both simulations are: the surface to be 
machined, electrode diameter and electrode path. 
Additionally the information about the electrode tool 
wear is required in case of EDMM So, the relation 
between machining parameters and tool wear link the 
model with the right machining process. 
4. Simulation software 
Based on the above presented models, the simulation 
software of the 3D-ECMM and 3D-EDMM processes 
with application of cylindrical tool has been developed. 
The input parameters for the simulation are as follows: 
• Shape of the machined surface  
• Electrode tool diameter 
• Electrical and kinematical parameters of the 3D-
ECMM process.  
• Parameters of the EDMM simulation (electrode 
tool wear) 
• Tool path for both processes. 
The shape of the machined surface can be 
implemented as data cloud or STL file. Additionally, the 
CAM module for the tool path creation has been 
developed. It gives possibility to prepare set of 
trajectories for 3D-EDMM and 3D-ECMM with taking 
into account the algorithm of the uniform wear method 
(path for EDMM simulation [18]) and conditions of 
ECMM simulation (takes into account needs of time step 
calculation). 
The results of simulation can be recorded as data 
cloud or STL file. The software gives also possibility to 
save the data necessary for machining process analysis, 
like the workpiece surface after each layer during 
machining or information about electrode tool wear 
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during the process. The pre and postprocesing of the data 
can be done in CATIA and Matlab software. The 
postprocesing mainly includes machining accuracy 
evaluation (comparison of the surface obtained with the 
CAD model of the part).  
 
Application example: machining of the cavity. 
 
The possibilities of the software application has been 
described during the process planning and simulation of 
the cavity machining presented in Figure 2. The assumed 
machining sequence is 3D-ECMM -> 3D-EDMM.  
Therefore, the first stage is to analyse and optimize 
the 3D-ECMM processes. In this case the optimization 
criterion is the high material removal rate. To select the 
proper machining conditions the relation between the 
process parameters and machining layer thickness is 
needed. Examples of such relations has been presented 
in Figures 3 and 4. So the technologist has to select the 
proper pulse time ti, electrode velocity vp and tool 
diameter D. It gives possibility to machine the cavity 
with appropriate allowance for following 3D-EDMM 
step (Figure 5). The mean allowance is  
0.15 mm, the maximal one is 0.6 mm. 
 
Fig. 2. The shape and dimensions of the cavity for machining 
simulation. 
 
 
Fig. 3. Relations between the thickness of machined layer and pulse 
time ti for various electrode velocities obtained from the simulation 
with following parameters: interelectrode voltage: 6 V electrode 
diameter: 0,1 mm, voltage signal frequency 1 MHz, electrolyte 
conductivity 0,005 A/(Vmm), electrochemical machinability 0,03 
mm3/(As), distance between the electrode paths: ½ of electrode 
diameter. 
 
Fig. 4. Relations between the thickness of machined layer and pulse 
time ti for different electrode diameters obtained from the simulation 
with following parameters: interelectrode voltage: 6 V, electrode 
velocity 1 mm/min, voltage signal frequency 1 MHz, electrolyte 
conductivity 0,005 A/(Vmm), electrochemical machinability 0,03 
mm3/(As), distance between the electrode paths: ½ of electrode 
diameter. 
 
Fig. 5. Distribution of the work piece geometry deviation after 3D-
ECMM step (side view), the simulation parameter were as follows: 
tool diameter: 0,5 mm, interelectrode voltage: 6 V, electrode velocity 1 
mm/min, voltage signal frequency 1 MHz, electrolyte conductivity 
0,005 A/(Vmm), electrochemical machinability 0,03 mm3/(As), 
distance between the electrode paths: ½ of electrode diameter. 
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According the 3D-EDMM, which is the next step in 
the sequence, the main criteria of process optimization 
should be the workpiece accuracy. In the 
electrodischarge milling the tool path has to be designed 
according the UWM rules [2, 12, 18]. In this method the 
main parameters affecting the accuracy is the electrode 
tool wear and thickness of machined layer. The accuracy 
increases with electrode wear whereas machined layer 
thickness decrease.  
The electrode wear depends on the machine tool and 
pulse generator but the thickness of machined layer is up 
to technologist. The developed software gives possibility 
to recognize, for desired task, the relation between the 
split factor and accuracy and choose the proper one 
(Figures 6 and 7). In example, for selected in this case 
optimal parameters the maximal workpiece deviations is 
less than 0,07 mm (Figure 7). 
 
 
Fig. 6. Relation between the electrode wear and workpiece deviation 
after simulation of 3D-EDMM milling of the cavity presented in Fig. 
2, the cavity was machined in 81 layers, the electrode path was 
designed with accordance to UWM. 
 
Fig. 7. Relation between the machined layer thickness and workpiece 
deviations after simulation of 3D-EDMM milling of the cavity 
presented in Fig. 2, the cavity was machined with assumption of υ = 
5%, the electrode path was designed with accordance to UWM. 
 
 
Fig. 8. Distribution of workpiece deviation. The simulation was done 
for following parameters: thickness of machined layers: Lw = 0,005 
mm, electrode tool diameter: 0,2 mm, electrode tool wear: 5% 
5. Conclusions 
The paper presents the characteristics of the 
electrochemical and electrodischarge method with 
special attention paid to application for micro parts 
machining. The area of application connected with 
manufacturing of sculptured surfaces (MEMS parts 
prototypes, technological tooling, microtools etc.) define 
the technological needs for achieving the desired 
accuracy with acceptable material removal rate. 
Presented conception of EC and EDMM processes 
combination into single, sequential machining method 
gives possibility to obtain efficient technology which 
minimizes disadvantages and emphasizes advantages of 
electrochemical and electrodischarge micromachining 
processes.  
To design and optimize the machining sequence 
process planning the simulation software has been 
developed. It gives possibility to determine how the 
designing strategy of the process influences the accuracy 
of the following 3D-ECMM and 3D-EDMM steps. 
Further research will focus on the software empirical 
verification. Therefore, the prototype EC/EDMM 
machine was designed and built in the Institute of 
Production Engineering (Cracow University of 
Technology), what gives possibility to carry out the 
EC/EDMM investigation and verify the correctness of 
the presented assumptions. 
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